© B*a^i^/f (jp) 



©Int. CI.' 
H 02 J 3/14 
G 05 F 1/66 



7926— 5G 
6945-5H 



Bg57— 49332 

BSfn57^(1982)3^23B 
8 H) 



BS56-109905 
BS56(1981)7B13B 
©1980^7 fll4B®^*U:^ 
(GB)®8023007 



;i/7-y 
fx L ) 

X ^^e^-f-yX-*' 
-T y X ( #ifeOg^^c L ) 



1. 

(3) ta -/J 41^ ^ S & » *i ^ S o « » 1^ "f" «^ <S T t 



(6) « » o « « K a :^ * « » 5 -5 K « « $ n 



—141- ' 



^ ^ « M A s ¥ 3 (> fli ;L ^ ^ 5f a ^ <o i& a !s 

(io)m?^ »c 3 ti « 5JSit"a :t> <z> ^ St *c J5«f -r 

CD at © J2: © ^ % ^ o a * ® «c ^ » ^ ^ 5 

J: o « i&0%*^tO%«3f»> « 

y^T9 > C blackoui)iP?d:nSCOJ:a4 

«ft o * a ® S« W« »c J: s SS a Sfltt* 



' ?f8PS57- 4933E (2) 
TKftofcitL-^Brr.SJi^fCLfcCi 

CU) «»^»tt;&J^S«J5lTK:fiT L C t 

o>iiiii9i 0 ^iceiKoatSo 

0^ « ^ ^1^261 0 J3 tt» ;!K± eSr :t O ^ i$ »J3lJ: 

ofajc±|iK^y: i § . ±«BmW'NO«*fii&^ g 
® fi^ k: Ifi] (S -r « ^ 3 ^ ;L ^ ^ 9)^ Sl'^ ® a !9 10 

^ic£«Eoiiiao 

03) i >r y f- om?^o-^-^om-^ 
o?^aiom?^oflfeoaj^j^os:^^i&«'^si^ 

y W-r '5'#?^pa:^oJii®# 1 2^K:e 
3. %^o^i»;g:6i^ 

K ?s 5 fs f »c a * ft ft «.« c ni tf K M 16 5 n 

ft 0/rlSO^f&^iiaofiT«rf1Jffi-r 5 feOT?* 

o is T tc S i; T Iff 15 ^ % :^ ^ ft # (99 o 3 ^ 
o'>ft < ^ i> — SJ^ t-^K-r 5 feo-eabSo 

ft<.ife-aj<i* ^fe^i^aiffitiE^:^®^ fcti 

A$ tiho 



T O « ^ ft |B| - ^ Sg ;a « a Sr ffi t 

«i © a 3£ e {1 - ^ <Z> ^ « IK « « 1^ T? S :4 S ft « 
a?4f^©S»a«. ?Bft#K: j:oT*>-f A>ro4 

m*SR«ffll©ft?9rt 4 6. 5-48. 5 HxO 

icr>\^X {i mm^i)^ ^ S.B Hi t-eTJ&io/i^.^ 
i^SeffC y f^*fBB*c4 ^«a3&«4 6. 5 H« 

^CHiaa :BB|P5 5^1^ 1 0 H )^ICJ:-:)T» 

fta©iW5g«fT45 C tA«ai^$nT*r^5p C<D 
J: 3 « X y A (1* ^ o y ^ igaa* A^±^a 



. «HPS57- 49332 (3) 

r m :^ a « e: i tc EI ^ 5 * T 
oSP&^^TfT* t)n$ J: 9 tc LT <fc < * fiO^ 

^ Si t ^ (1 f$ t ^ ^ ^ 9 0) m:^ }B fi«{Hg o s-^ 

machines) ^oa^Wmi^tl. -^^afiTd^iS 
C OT f>m^^J&®--0^(a«ll^i®i^X t 5 J: 



(1. «:^?Sft^o'>4 < <i: t)iRil!i*»*^. 't n-t'n. 
is r K:*SDx?sa«ofi?5o(>^«: < i f^-gj^so 

±fciii5D-rs<z>»cj5i:xs«A-r?i<fti6-r5¥ 

gt^(®;LX t J: «/>o 

7 L fc «^ K c tucBiS t xf|£©i- 5 » 2 o ^ < 



-143- 



c n ^> UtS} X >f y ^ a (4 y *j y y 7.^ - y X 
6^ T % 0 # f t & ti T I ' « a: l» (c ^ -f :^ o S £ « ig 

« J: -5 IC L T t> J: i>o 

So 

m^n^n-b^.^^^^^'^ ^^^^^^^^^^ 

apH5S««4 0 Wic-g- tro >r ^ /v* fli ^ 



4933E(4) 

I4^«f5r C feiT^Ki^aff t ir^5o ) I 0 . 1 1. 

*0 ^ t>0 3 fflO«:^}Bft«* 2 0.21.22 
ri^r* fSa$2 1 . 2 2 »¥lCBIi^dt|(C^3Fn. 

^32 . 33 , 34IC^4ftSn£ 2 4^0Sa3 0 . 

■Cli. a^?3 25.7 3 3 itmn^ 2 0 O^^^'S: 

3 6 tta?5 3 2 , 3 3 ->«*«|lt»-r5fcaC>*ca 



fci^ y 4 2-^iSir^«itt«aia©/<A'x«iJt|&-i- 
5^i:*C>Jcir-f s'i' A'i^jgas 4 I k: J: oTfll v^fiia 

js » a t r « ' « 3t « o IS *> ^ ^ :^ * lij * t * 

^rajO <D ^» ^ 5 y ^ i ftfiS?«S 4 4 *C ^ V^T 

4 3 icnmiSLm^^i&t ^oMjmm^^t^KE, 
»45d^fia3o . 3iffl(ca(t<s»n$. Jtes 
4 3 «:ioT»iSsn5^ifflSf±s»4 6±-e^ 

4 0 (DftitXD^miS-^^^m 4 8 ±k: 

4 0 ©jsfi^a^siair 5 /iiOK»i^^5.o u-fcjw 



-144- 



y y 5 o-^SJSD$ g^ fSH^a-i V h 5 0 

3 2.3 3 -^®l*i&**if-r5fc«C>fCX>f -/^36 

^fi&f^d-^6/t«2>igil1i9^ffitt3 7±(C^% 

*mEffi3^ J: 0 fe lfe^ KSnSo 4 9 Hi tamiOL 



«HBg57- 49332 (6) 
yhto miSKnr^^ >\L^^\^x^&(DjLt%^& 

t(i±\:.tLth. &l8B*A'-yrt A:^aig-ettffl 
T^i0^n5.&fflSriJ9lPL-eUT:^<7f^3 6 

4 6. 5Hi iPe>4 8. 5Hz K:*J^^T* ^•ifi^a:&^l3 
S|il 4 7.2 5 Hz JCfiT t^a: ^i|i»©fiait*^ 



Hs \^±iDmwL^x^xa>mm^ifi^nm&o^ 

ffifC^'&^f. ^&Slt^4 6 Hz {C^Jtht^^ 

<o:5>ofB«^©;^^y^3 6tt^R Uxm?? 

3? i£ « * + 5J « ^ r s «) *c ft i« © « « 3&« a a 
«c 4 n 5 o 

^.fie©^fi»(2±^i-«i9i^«wr M 



©ic* ;^ < 7 3 6 *fiB C i ic ioTftl^^ 
©«^§^l&©§iKfr^3i-lHltSl2S||Ql^-7 ^ 5 0(C 

»©ffii«*«±i;« t §©^«»ii«*«ie/UL'f' 

S#^©^9IMk:$;vvT« aSIT^I-ASlG 6(4. 

Ttit^^iaiSL/::^^^©^^^^. i9fft©ft^ 
Ji)flal?fi-r « t T<C{^* < i (> 4 9. 5 Hx fc^ftjfc 

©ttfflHJgA'- r©ttfflS3£o5l^i^^^ -f V f- y 



-145- 



S«eD^^©«5^K J: 7 y ^ y 

n 5 3Bf t ^® ^rt s «: ^-f 4 ^ii ^D■r 
(1. ^^a^o^J^SBKif S X >f y ^ y J: 

«>(D ijl sij « ^ la ^ ii ;t s ^ s « V ^ 6 

^J^to.CtDii^. f^a«0«rt«Cd3 Its-fig© 



?fKB857- 49332 (6) 

70*WrSo C ©^?^ 7 0 -v©1i:<7^|&^ 
7 3:0>€>©SiP«S^itll^fS4 4 

tx-f 7f-3 6 iJi&f^-f s^*«oiaoij ^)Or 

3£i6 5»nfc4'faffi»c:(STL/J: t x >f y 7 1 
f S i: -3 (cS^^ nSo # <'o?83S#k: J: 0 . 
Jb o » a i£ T « RS ± f 5 K + « S *i • 

5^.:^ ■5' ^ © — air .t(/**%D>go-lli£*^^ 



10.11.12 

1 y-nii^^tSk 

1 5 "-m:^7 ^ y 

2 0 . 2 1,2 2 -ai^j^St'^ 
32 ,33 ,34 -«^?i$ 

3 6 - y y V K X ^ - ^ X y /f- 

4 0'-«E£98l3%«S 
4 3 

4 7 "9;»^ 

« S A « Oi ?l 



-146- 



i^EOQS?- 4S332 (7) 




^^>-ir — ^ 

J7H I ' — I ft a I 



^Z, ^9 ^ 4 A 




IfPBigS?- 49332 (8) 



7^ 



i 




"TI 



-dS? 



|v.ao| — 



-148- 



(12) 



UK Patent Application „,,GB ... 2 080 640 A 



(21) AppHcation No 8023007 

(22) Date offiling 14 Jul 1980 
(43) AppHcation published 

3 Feb 1982 

(51) mci^ 

H02J3/00 

(52) Domestic classification 
H2HSL 

(56) Documents cited 

GB 713452 

GB 712850 

GB 712824 

GB 695816 

GB 629359 

GB 553183 

GB 367512 
(58) l=ield of search 

H2H 

H3A 
(71) Appiicants 

South Eastern Electricity 

Board, 

Queen's Gardens, 
Hove, 

Sussex, BN32LS. 



(72) Inventors 

Robert Allan Peddle, 
John Spendsy HeUen. 

(74) Agents 

Boult Wade ft Tennant 
27 Fundval Street 
London, BC4A1Pa 



(84) Power supply systsms 

(67) Forsafeguarding an alternating 
cunrent electrical power supply system 
against a blaclcout due to overf ceding, 
particulariy on a system v\^hich is not 
strongly interconnected, each consum- 
er (20, 21 r 22) is provided with means 
sensing when the supply frequency 
fells below a predetennined frequency, 
these means controlling switching de- 
vices (36) for Interrupting the power to 
at least part of the load taken by each 
consumer. The sensing means conve- 
niently comprises a control unit (50) 
responsive to the loss in phase lock of 
an oscillator (40) locked to tfie incoming 
supply frequency and forming for ex- 
ample part of an energy metering de- 
vice. Provision is made for automatic 
restoration of the supply to loads when 
the frequency Increases to another pre- 
determined value. 
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ThedrawingsoHginBllyfiledvwre informal and the print here reproduced Is taken from a later filed formal copy. 



DO 
N5 

O 
CO 
O 

o> 



2080648 




^1 
^1 








^1 



2080640 




2080640 

f4f 



I 



«5 



I 



V 



•I- 



T 



I* 



1 



GB2 080 640 A 



1 



SPECinCATlON 

A.C. electricity power supply system and methods 
cyf and apparatus for load control thereon 

5 

This Invention relates to ax. electricity power supply 
systems and to methods of and apparatus for 
controlling the load thereon. 
In some parts of the world, there have in recent 

10 years been widespread powerfallures lasting many 
hours arising from the power demand exceeding the 
supply. Such failures can occur particularly In sys- 
tems which are not strongly Interconnected and 
where, for example, damage of a single supply line 

15 has deprived a wide area of a substantial source of 
power. When this happens, the other generating 
stations which still remain connected to supply the 
load become over-loaded. The frequency of the 
supply drops. 

20 The overioading is thus accumulative and rapid 
vwth the consequent necessity for immediate open- 
ing of drcutt breakers to disconnect the load. In 
recent years widespread loss of power of this nature, 
commonly referred to as a blackout has occurred 

25 both in France and the United States. 

It is one of the objects of the present invention to 
provide an Improved method of and apparatus for 
safeguarding an alternating current electric power 
supply system against such a blackout 

30 According to one aspect of the present invention, a 
method of safeguarding an a.c electric power 
system against the effects of the power demand on 
the system exceeding the generating capacity com- 
prises the steps of, for each of a plurality of 

35 consumers, sensing when the power supply fre- 
quency falls below a predetermined frequency and 
Interrupting the power supply to at least part of the 
load taken by each said consumer in response to a 
sensed fall of frequency to below said predeter- 

40 mined frequency. Preferably, for each consumer, 
said at least part of the load is reconnected to the 
supply when the supply frequency rises above said 
predetermined frequency or above a hi gher fre- 
quency. 

45 With this method, automatic disconnection of 
loads occurs as soon as the frequency drops below 
some predetermined vaiue. It is not necessary to use 
the same predetermined frequency for every con- 
sumer. In general it Is preferable that the load 

50 shedding is not instantaneous but occurs over a 
short period of time so that the system comes to a 
stable condition where the generating capacity can 
meet the connected load demand. More particularly, 
it is desirable that any automatic reconnection Is 

55 effected gradually to prevent over-loading of the 
system. Thus said predetermined frequency is pre- 
ferably a frequency within a predetermined frequen- 
cy band or bands, with the exact frequencies differ- 
ing for different consumers. It is inevitable in 

60 practice that the exactfrequency of operation in any 
practical system will vary slightly for different con- 
sumers. With a 50 Hz supply frequency, it might be 
an-anged that the consumers are cut out at a 
frequency within the range of 46.5 to 48.5 Hz. Thus. 

65 as the frequency drops, some consumers will be 



disconnected when the frequency falls to 48.5 and 
gradually mora will have their switches opened as 
the frequency falls further; all or substantially all 
would have lost power by the tinie the frequency is 

70 down to 46.5. It is preferred to have automatic 
restoration of the power supply when the frequency 
rises and, to allow a margin to prevent switching on 
and off, the supply should be restored to a consumer 
when the frequency Is slightly higher than the 

75 frequency at which it was previously cut off. 

The load switching for consumers may be effected 
in two or more steps, switching off of part of the load 
occu ning when the frequency has fallen to a first 
value and further switching being effected when the 

80 frequency fails to a second lower value. 

It will be readily apparent that desirably all or 
substantially all consumers should have their power 
controlled in this way although it is obviously 
possible to provide safeguards for certain priority 

85 loads, such as hospitals, kidney machines etc. so 
that they remain connected to the supply despite the 
loss of frequency. Since the control means are now^ 
associated with the individual consumers and may If 
necessary be associated with individual loads, such 

90 priority facilities may be provided. 

It has previously been proposed, see for example 
our U.K. Patent Application Serial No. 7901 133, to 
effect measurement of energy consumption by a 
consumer supplied with altemating current power 

95 by making use of data processing means haying a 
clock, controlling the data processing, which dock is 
synchronised with the Incoming mains frequency. In 
such a system, employing a phase-lock loop to 
synchronise the clock frequency with the incoming 

100 mains, there is inherently a signal available repre- 
sentative of the incoming mains frequency. This 
signal may be used for controlling the aforemen- 
tioned switch or switches for interrupting the supply 
of the load or loads on the consumer's premises- A 

105 phase-lock loop will commonly operate only over a - 
limited frequency range and it Is convenient to make 
the switch means operative to disconnect the load or 
loads when the phase-lock loop fails to maintain 
phase synchronisation due to a fall in frequency, if 

110 the phase-lock loop falls to maintain synchronisa- 
tion, the phase error increases rapidly and this signal 
may be used for effecting switch control. 

According to another aspect of the invention, in an 
a.c. electric power supply system having generating 

1 1 5 means arranged for supplying power to a plurality of 
consumers, at least some of said consumers ere 
each provided witii means for sensing when the 
power supply frequency falls below a predetermined 
frequency, and switch means for each consumer 

120 arranged for interrupting die power supply to at 
least part of tiiat consumer's load in response to a 
sensed fall of frequency to below said predeter- 
mined frequency. 
Each of said least some consumers may have 

1 25 means operative to reconnect said at least part of 
that consumer's load to the supply in response to a 
sensed rise of the supply frequency above said 
predetermined frequency at which the switch means 
for that consumer was operated to interrupt the 

130 supply or above a higher frequency. 
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The aforementioned switch means may control 
supply to only part of a consumer's load and further 
switch means may be provided operatively respon- 
sive to sensed fall or frequency to a still lower value 

5 belowthatatwhichtheflrst-mentionedswftch 
means Is operated. 

The control switches are preferably solid state 
switches and may be switches provided for some 
other purpose, e.g. for automatic control to limit 

10 maximum demand. It will thus be seen that the 
protection of the system against a blackout due to 
demand exceeding the generating capacity can 
readily be provided on consumer's premises with 
little additional equipment beyond that which is 

15 installed for other purposes- 
According to a further aspect of the present 
invention there is provided apparatus comprising 
means responsive to the frequency and alternating 
current electric power supply being fed to a load and 

20 switch means controlling the supply to the load 
which switch means are operative to cut off the 
supply when the frequency sensed l>y the frequency 
responsive means falls below a predetermined fre- 
quency. Preferably means are provided for automa- 

25 tically restoring the supply vs^en the frequency rises 
above said predetermined value or above a higher 
frequency. 

The switch means convenientiy comprises a solid 
state switch or switches. The means responsive to 

30 the frequency of the incoming supply conveniently 
comprises an oscillator with a phase-lock loop for 
maintaining the oscillator output in synchronism 
with the incoming mains supply, said phase-lode 
loop being operative to maintain phase lode over a 

35 frequency range around the nominal frequency of 
the supply system but to lose lode when the 
frequency falls below a predetemiined value; in this 
case the switch means may be made responsive to 
the loss of phase-lock in the loop. 

40 The follownng is a description of one embodiment 
of the invention, reference being made to the 
accompanying drawings in which:- 

Figure 1 1s a block diagram illustrating pa.rt of an 
electricity supply system supplying alternating pow- 

45 er to consumers; 

Figure 2 is a graphical diagram for explaining the 
operation of part of the apparatus of Rgure 1 ; and 
Figure 3 illustrates a modification of part of the 
apparatus of Figure 1. 

50 Referring to Rgure 1 there is shown diagramma- 
tically an electric power generating system having a 
number of generating stations 10, 11, 12 intercon- 
nected by a power distribution networic indicated 
diagrammatically at 13 which network feeds a large 

55 number of consumers of which three are shown at 
20, 21 and 22. The consumers 21, 22 are indicated 
only diagrammatically while consumer 20 Is shown 
in slightly further detail as having a single phase 
supply on two leads 30, 31 leading a plurality of 

60 loads shown at 32, 33 and 34. In this particular 
example the loads 32 and 33 constitute the main 
loads of the consumer 20 whilst the load 34 is a small 
load required for certain essential purposes and 
which it is required not to interrupt if possible when 

65 protecting the system against a "blackouf' due Tor 



example to interruption or damage to a power line 
1 5 connecting one of the generators 1 0 to the power 
distribution networic 1 3. A solid sta^ switch 36 is 
provided in the supply to the loads 32, 33, this switch 
70 being controlled by a switch control dgrial on a lead - 
37. 

The present invention is concerned more particu- * 
lariywitii the operation ofsuch.a switch to Interrupt , 
the power supply to consumers' loads in the event of 

75 a gross failure resulting in the power demand 
exceeding the generating capacity of the system. As 
previously explained, when this occurs, the frequen- 
cy of the supply immediately begins to drop. It is 
convenient in the following description to refer more 

80 specifically to a supply at a nominal frequency of 50 
Hz. It will be readily apparent however that similar 
arrangements can be employed for.supplies at other 
frequencies, e.g. 60 Hz. 
The apparatus in the consumer's premises In- 

85 dudes a clock for digital data processing of infonma- 
tion, which clock is nonmally synchronised with the 
incoming mains supply. This dock comprises essen- 
tially a voltage controlled oscillator 40 operating at a 
frequency which is a multiple of the mains supply 

90 frequency, typically several thousand times the 
mains supply frequency. The output of the osdilator 
40, In digital form, is dhfided down in frequency by a 
digital dhnder 41 to provide, for example, short 
duration pulses to a sampler 42 for 89mpllng the 

95 instantaneous magnitude of the voltage and current 
waveforms and thereby to provide data for metering 
means 43 determining the energy consumption of 
the consumer. The divider 41 provides an output 
signal at the mains supply frequen|gy in the form of 

100 short duration pulses the timing df which is com- 
pared in a comparator 44 with tite time effort 
duration pulses at tiie zero vohBge crossover point 
of the incoming voltage wavefomjs oh lines.30, 31. 
For this purpose thereis a voltage transformer 45 

105 across the lines 30, 31 having art output winding 
providing the voltage wavefomn to the comparator 
unit 43. The time difference det^mined by the 
comparator 43 Is measured digftally utilising dock 
pulses from the divider 41 on a lead 46 and the 

110 digitaloutputis a measure of the phase error 
between the clock frequency and the incoming 
waveform frequency. This phase error is Integrated 
digitally in an integrator 47 to provide on a lead 48 
the control signal forthe voltage controileij osdilator 

115 40. Such a phase control system operates to control 
the frequency of the oscillator 40 so that the output 
thereof is synchronised in phase v\dth the incoming 
waveform. The phase error on the output from the 
comparator 43 is thus normally small so long as . 

1 20 synchronisation is maintained. If synchronisation is 
losthowever the phase error is increased. Loss of ^ 
phase synchronisation can be arranged to occur ar 
the frequency decreases at some predetemrilned , 
frequency, for example by.limiting the range of the 

125 output signal from the integrator 47. The sudden 
increase in phase error is applied p a control unit 50 
to generate a control signal on the lead 37 for 
operating tiie swteh 36 to ft^tenyjpfihe supply to ttie 
. I08ds32,.33.- - " - ; ? . 

tSO ItwillbeappnedatedthatthetBB^^ v 
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possible ways in which the reduction in frequency of 
tt\B mains supply can be determined and utilised to 
operate a sv^'tch. 
Rgure 2 is a graphical diagram in which curve 60 
5 shows the relationship between phase error (plotted 
as ordinates) and frequency (plotted as abscissa) for 
one particular form of phase-locked oscillator. As the 
frequency falls, the output of the oscillator gradually 
fags behind the incoming voltage waveform of the 

10 mains supply. At a frequency of 49 Hz, there is a 
phase error of 8**. The phase error is indicatwe of the 
control signal applied to the aforementioned voltage 
control oscillator 40. When some particular phase 
error has been reached, depending on the design of 

1 5 the equipment the phase-lock loop will no longer be 
able to hold the frequency to give phase-lock with 
the Incoming waveform. When this occurs, the 
phase error determined by the comparator 43 will 
increase and the switch 36 will be operated. 

20 It Is envisaged that, in general, all consumers 
should have a contn^l for cutting off the load when 
the frequency drops, similar to that shown for 
consumer 20 of Rgure 1 . It is inevitable that the 
tolerances of the components in the phase-lock 

25 systems for different consumers will give some 
spread to the frequency at which the various switch- 
es 36 will operate. In a typical system, the spread 
might be over 2 HZ, e.g. from 46.5 Hz to 48.5 Hz with 
half the consumers losing power when the frequen- 

30 cy has dropped to some Intermediate value, typically 

47.25 Hz. In Rgure 2 a curve 65 is shown which Is a 
2 distribution curve indicating the proportions of con- 
sumers which wall lose lock at any particular fre- 
quency in the frequency range, it will be seen that all 

35 consumers remain in lock at frequencies above 48.5 
Hz but, when the frequency is down to 46 Hz only a 
small proportion, about 5%, will be left on. This 
curve makes allowance for the fact that certain 
consumers or certain individual loads will not be 

40 switched off by the drop in frequency, their supplies 
being maintained for safety or other reasons. It may 
be that some consumers will have their phase-lock 
loops set to maintain phase down to significantly 
lower frequencies than others. 

45 It will be immediately apparent that in the event of 
some gross loss of power in the generating system, 
the resultant drop in frequency will immediately 
cause switches 36 at the various consumers to be 
opened so as to reduce load. In general tiie reduction 

50 In load will readily be made sufficient to maintain 
stability of the system provided some significant 
generating capacity still remains. 

If the generating capacity is restored or if there is 
disconnection of loads still being fed with power, the 

55 frequency of the system will tend to rise. With the 
form of phase-lock loop described above for the 
consumer 20. when the frequency becomes suffi- 
ciently high, phase synchronisation will be re- 
established and hence the signal to the control unit 

60 50 will be removed. In general, automatic restoration 
of the supply to the loads by closing the switch 36 
would be effected by the control unit 50. Provision 
may be made however, for example, for automatic 
restoration of supply to certain loads but for restora- 

65 tlon of supply to other loads only on manually 



resetting switches. Because of the inherent hystere- 
sis effect in the control loop, the frequency at which 
the restoration of power occurs will beJiigherthan 
the frequency at which the power was switched off. 

70 The dashed line curve 66 illustrates, for the particular 
embodiment under consideration, the numbers of 
consumers which will have power restored at the 
various different frequencies as the frequency rises. 
It will be noted that the frequency must rise to at 

75 least 49.5 Hz before the last toad is restored. 

However restoration of loads commences as soon as 
the frequency begins to rise. 

In the above-described embodiment of the Inven- 
tion, the failure of a phase-lock loop to maintain 

80 phase-lock between a clock signal generator and the 
incoming waveform has been utilised to control the 
switching. Such a phase-lock loop controlling a clock 
signal generator may form part of equipment for 
metering the power consumption of the individual 

85 consumer, as for example is described in the 

specification of Application No. 7901133. The switch 
36 may be a switch utilised also for load manage- 
ment e.g. for the automatic regulation of the 
maximum demand by the consumer, as is for 

90 example described in Specification No. 7906213. It 
will thus be seen that the protection for the system 
against a large-scale blackout due to for example 
sudden loss of generating capacity, can be obtained 
with very littie additional equipment on the consum- 

95 eKs premises beyond that which may be Installed for 
other purposes. The protection for the system is 
obtained by switching at the consumer's premises. 
No signalling over the transmission lines or by other 
means is required and there Is no need to provide 
100 any special equipment at the generating stations or 
on the network apart from the equipment on the 
consumer's premises. 

In Rgure 3, there is shown a modified form of part 
of the apparatus of Rgure 1 in which the switching 
105 off of parts of the load at a consumer's premises 
occurs in two stages. In Rgure 3, the same reference 
characters are used as In Bgure 1 to denote corres- 
ponding components and mention will be made only 
of the distinctive features of Rgure 3. The consumer 
no is shown as having a further load 70 which is of low 
priority. A triac switch 71 for cutting off the supply to 
this load 70 is controlled by a comparator 72 
comparing the voltage output from the comparator 
44 with a reference voltage from a reference source 
115 73. This reference voltage is chosen so that the 
switch 71 is operated to cut the supply to load 70 
when the frequency has fallen to some predeter- 
mined value intermediate between the normal supp- 
ly frequency and the frequency at which the switch 

120 36 operates. Partial load shedding in this way by a 
large number of consumers may often be sufficient 
to prevent any further frequency drop but the 
switches 36 would be operative in the event of 
serious overioading of the supply networic 

125 

CLAIMS 

1 . A method of safeguarding an a.c. electric 
power supply system against the effects of power 
130 demand on the system exceeding the generating 
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capadtycompnsing the steps of, for each of a 
plurality of consumers, sensing when the power 
supply frequency falls below a predetermined fre- 
quency and interrupting the power supply to at least 
5 part of the load taicen by each said consumer in 
response to a sensed fall of frequency to below said 
predetermined frequency. 

2. A method as claimed !n claim 1 wherein, for 
each consumser, said at least part of the load is 

10 reconnected to the supply when the frequency of the 
supply frequency rises above said predetermined 
frequency or above a higher frequency. 

3. A method as claimed in either claim 1 or claim 
2 wherein sensing when the power supply frequency 

15 falls below a predetermined frequency is effected by 
using a signal from a phase-lock loop arranged for 
synchroni^ng an oscillator with the supply fre- 
quency. 

4. A method as claimed in any of the preceding 
20 claims wherein said predetermined frequency is a 

frequency vwthrn a predetermined frequency band or 
bands, with the exact frequency differing for diffe- 
rent consumers. 

5. A method as claimed in any of the preceding 
25 claims wherein the load switching for consumers is 

effiscted in two or more steps, switching off of part of 
the load oocuring when the frequency has fallen to a 
first value and further switching being effected when 
the frequency has fallen to a second lower value. 

30 6. An a.c. electric power supply system having 
generating means arranged for supplying power to a 
plurality of consumers wherein, at least some of said 
consumers are each provided with means for sens- 
ing when the power supply frequency falls below a 

35 predetermined frequency, and switch means for 
each consumer arranged for interrupting the power 
supply to at least part of that consumer's load in 
response to a sensed fall of frequency to below said 
predetermined frequency. 

40 7. An a.& electric power supply system as 
claimed in claim 6 wherein each of said least some 
consumers has means operative to reconnect said at 
least part of that consumer's load to the supply In 
response to a sensed rise of the supply frequency 

45 above said predetermined frequency at which the 
switch means for that consumer was operated to 
Interrupt the supply or above a higher frequency. 

8. An a.c. electric power supply system as 
claimed In either claim 6 or claim 7 wherein said 

50 means for sensing when the power supply frequen- 
cy falls below a predetermined frequency comprises 
a phase-lock loop for maintaining the output of an 
osdllator in phase synchronisation with the incom- 
ing mains, said phase-lock loop being operatwe only 

55 to maintain synchronisation when the supply fre- 
quency Is above said predetermined frequency and 
means for sensing loss of phase lock. 

9. An 8.C. electric power supply system as 
claimed in any of claims 6 to 8 wherein the switch 

60 means are solid state switches. 

10. Apparatus for use by a consumer using 
power from an a.c. electric power supply system 
comprising means responsive to the frequency of 
the altemating current electric power supply being 

65 fed to a load and switch means controlling the 



supply to the load which switch means are operative 
to cut off the supply when the frec^iency sensed by 
the frequency responsive means falle below a prede- 
termined frequency. 

70 11. Apparatus as claimed In ddm 10 wherein - 
said means for sensing when the power supply 
frequency falls below a predetermined frequency - 
comprises a phase-lock loop for rrialntalnlng the , 
output of an oscillator in phase«vnchronisatlon with 

75 the Incoming mains, said phade^ock loop being 
operative only to maintain synchnonisatfon when the 
supply frequency is above said predatemilned fre- 
quency and means for sensing loss of phase lock. 

1 2. Apparatus as claimed in efther delm 1 0 or 
80 claim 1 1 and having means for automatically restor- 
ing the supply to said load when the frequency of the 
supply rises to a value above said pfedBtermined 
frequency. ' . . . - 

1 3. Apparatus as claimed, in clalni t2ivherein 
85 said switch means controls the pwer supply to part 

of a consumer's load and having further switch- 
means operative at a different frequency for controJl- 
Ingthe power supply to another part .of the consurin- 
er^s load. 

90 14, A method of safeguarding^Bn a.c. electric 
power supply system againstjtbe effects of power 
demand on the system ejcceeding the generating 
capacity substandally as hereinbefore described 
with reference to the accompanying drawings. 
95 15. An a,c. electric power supply system havit^ 
meansfor safeguarding the system against the 
effects of power demand on th^systerin qxceeding 
the supply substantially as hereintiefore described 
with refarence to the accompen^ng -drawings. 
1 00 16. Apparatus for use by a consumer, of electric 
power from an a.c. power«upply system ^bstantial- 
ly as hereinbefore described with reference to the 
accompanying drawings. 
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